Introduction {#Sec1}
============

There is constant debate about trends in undergraduate and postgraduate medical education within the framework of curriculum changes \[[@CR1], [@CR2]\], curriculum reforms \[[@CR3]\], and as a result of the adoption of the Bachelor's-Master structure in medical education (the Bologna Two-Cycle System) \[[@CR4], [@CR5]\]. During the past century, three generations of educational reforms can be distinguished.

Curricula of the first generation were launched at the beginning of the 20th century and mainly focused on a science-based curriculum \[[@CR6]\]. More specifically, this conventional medical curriculum consists of a pre-clinical and a clinical part, in which instruction is based on disciplines like anatomy, physiology, histology, internal medicine, surgery, pharmacology, etc., and radiology. Assessment is linked to these individual disciplines and spread over 1 or more curriculum years. In this type of curriculum, radiology is usually studied and assessed in the clinical part where it is linked to the imaging of diseases. Radiology is sometimes present (as an extra) in anatomy courses.

Around the mid-20th century, medical curricula of the second generation introduced problem-based instruction \[[@CR6]\]. In problem-based curricula, the building blocks are part of both the pre-clinical and clinical part of the curriculum. Instruction is based on comprehensive "modules" covering systems or parts of the body like the thorax, abdomen, musculoskeletal system, nervous system, urogenital system, etc. Usually these modules cover "the healthy human" during the preclinical years and the "patient" during clinical years. In the pre-clinical phase, disciplines---including radiology---are combined to develop an understanding of different healthy human systems (e.g., the gastrointestinal system), until the whole "healthy" body has been covered. In the clinical phase, additional disciplines like internal medicine, surgery, pharmacology, radiology, etc., are interconnected. Each module is concluded with an examination that focuses on the integrated mastery of the disciplines covered in this module.

In the third generation, outcome-based education is now being introduced that aims at improving the performance of health systems by adapting core professional competencies related to specific contexts, while drawing on a generic knowledge base \[[@CR6]\]. This stresses the importance of inter-professional, multidisciplinary education and the abolition of traditional boundaries between professions as well as the necessity for a greater transparency of the educational program. Also, a stronger international recognition of diplomas and mobility within Europe can be perceived; see, e.g., the impact of the Bologna Two-Cycle System \[[@CR4], [@CR5], [@CR7], [@CR8]\], the establishment and implementation of a European Credit Transfer System \[[@CR7], [@CR9]\], and the internationalization of medical education \[[@CR6], [@CR10], [@CR11]\].

European radiology teaching and research are affected by these worldwide curriculum innovations that move away from a conventional (science-based) curriculum toward a modern curriculum (i.e., problem-based and outcomes-based curriculum) as confirmed in a first European benchmark study that was carried out in 2008. One of the objectives of this research was to study the curriculum impact of innovations in the medical curriculum on radiology teaching and research \[[@CR12]\]. However, a follow-up study was considered necessary to deal with a number of limitations of the former survey.

This article centers on the influence of the type of medical curriculum---i.e., a *conventional curriculum vs. a modern curriculum* such as problem-based learning (PBL), modular type, hybrid type---on the nature of formal teaching in radiology education. The next indicators are focused upon to describe the influences:The type of radiology courses.The presence of radiology throughout the different years of medical training.The proportion of the curriculum focusing on radiology teaching: the total number of the teaching hours focusing on formal radiology teaching.The use and the type of e-learning in radiology teaching.The involvement of specific teaching staff in radiology teaching.The place of radiology clerkships within the curricula and the tasks students carry out during the clerkships.

Materials and methods {#Sec2}
=====================

A survey study was set up under the umbrella of the Educational Committee of the European Society of Radiology (ESR). In this context, a questionnaire was electronically distributed to the 430 heads of academic radiological departments in Europe. For each institution, one single questionnaire was filled out by both the radiology teaching staff and the chiefs of the teaching hospitals. In total, questionnaires were returned from 93 European teaching institutions, representing 27 countries. Each country was presented by one or more teaching institutions (Appendix [1](#Sec1){ref-type="sec"}).

The questionnaire (Appendix [2](#Sec2){ref-type="sec"}) was partly based on a previous study that provided a first panoramic view on how radiology teaching is organized in European medical educational curricula \[[@CR12]\]. The latter questionnaire was extended with additional multiple-choice items about, e.g., the place of radiology courses within the medical curriculum, and the use and type(s) of e-learning in radiology teaching. The section about radiology clerkships was extended with items about the types of a radiology clerkship (an obligatory or an elective) and the nature of the tasks students carry out during the clerkship.

Statistical analysis {#d29e356}
--------------------

The questionnaire data were entered and analyzed with SPSS version 15 software (Statistical Package for the Social Sciences; Chicago, IL, USA). Mainly descriptive statistics were applied and a variety of tools to develop graphical representations of the results.

Results {#Sec3}
=======

The responses of the 93 European institutions can be split up into two groups regarding the nature of their medical curriculum: programs reflecting *a conventional medical curriculum* (47 institutions, 50.5%) versus programs that adopt *a modern medical curriculum* that is problem based, hybrid, integrated, or modular (46 teaching centers, 49.5%). This distinction in curricula types will be applied when comparing the impact on formal radiology teaching delivery.

The types of radiology courses within *conventional* and *modern* medical curricula {#Sec4}
-----------------------------------------------------------------------------------

Within conventional medical curricula, the radiology course is mostly a mandatory building block (87%), sometimes an elective course (6%), or a combination of both (6%). In modern curricula, radiology is to a lesser extent a mandatory building block (70%), an elective course (9%), or a combination of both (22%).

The presence of radiology in different medical training years {#Sec5}
-------------------------------------------------------------

Radiology is consistently a part of the medical curriculum in every medical training year in institutions that adopt a modern curriculum approach. Figure [1](#Fig1){ref-type="fig"} clearly illustrates that students in 41% of the modern curricula receive their first radiology experience during the first year of medical training, versus only 2% in institutions adopting a conventional curriculum. The second year and the sixth year of the training are again very important for radiology teaching within a modern curriculum (65% vs. 6% for the 2nd year and 50% vs. 2% for the 6th year, respectively). The attention paid to radiology teaching in the third, fourth, and fifth year of medical training seems to be equally important in both modern and conventional curricula.Fig. 1The presence of radiology in the medical training years of curriculum

The proportion of the curriculum focusing on radiology teaching (the total numbers of teaching hours) {#Sec6}
-----------------------------------------------------------------------------------------------------

The proportion of the curriculum focusing on radiology teaching is comparable in conventional and modern types of curricula. The average total number of teaching hours focusing on radiology within conventional curricula is 65 h (SD 24, median 66, minimum 20 and maximum 120), and in modern curricula it is 63 h (SD 33, median 59, minimum 9, and maximum 146). We observed no significant difference (*t* = 0,25; df = 81,4; *p* = 0,801).

The use and types of e-learning in radiology teaching {#Sec7}
-----------------------------------------------------

More than 70 percent of the European institutions reported the use of e-learning during radiology teaching \[34 centers (72%) within conventional curricula and 35 centers (76%) within modern curricula\]. Figure [2](#Fig2){ref-type="fig"} shows the types of the e-learning used within both curricula. Striking is the large usage of educational radiology software in modern medical curricula (32% vs. 11%) and the dominant teaching via PACS or web-based PACS in the conventional curricula (38% vs. 26%). The use of the Internet seems to be popular within both types of curricula.Fig. 2The types of radiology e-learning used within medical curriculum

Involvement of a teaching staff in radiology teaching {#Sec8}
-----------------------------------------------------

The average number of radiology-related teaching staff is eight in a conventional curriculum and 15 in a modern curriculum. Radiology---in both curricula types---is preferably taught by general radiologists as shown in Fig. [3](#Fig3){ref-type="fig"}. It is apparent that within modern curricula, other medical teachers participate in the teaching process such as sub-specialized radiologists (98%), clinicians (17%), and radiographers (20%). Also the involvement of radiology trainees during radiology teaching is observed to a larger extent in modern curricula (50% vs. 28%).Fig. 3Types of teaching staff involved in radiology teaching within medical curriculum

The place of radiology clerkships within curricula and the nature of the tasks students carry out during clerkships {#Sec9}
-------------------------------------------------------------------------------------------------------------------

In this new study, special attention was paid to the types and the position of the radiology clerkships (or "practical sessions") within a medical curriculum (Fig. [4](#Fig4){ref-type="fig"}). In more than half of the institutions adopting a modern medical curriculum, the clerkships are mandatory (55%), while 59% of institutions adopting a conventional curriculum reported that radiology clerkships were an elective part of the curriculum. The curriculum position of radiology clerkship is more visible within a modern curriculum. The possibility is made available to visit a radiology department in the first (13% vs. 4%) or second year of the training (9% vs. 2%). Clerkships in the fourth year of the medical training are critical in both curricula (61% vs. 45%), though again more dominant in modern curricula. The average duration of a radiology clerkship during the entire medical training is 5.1 weeks in a conventional curriculum and 4.4 weeks in a modern curriculum. But in the latter case, radiology clerkships are spread over more curriculum years.Fig. 4The place of radiology clerkships within medical curriculum

The tasks that students carry out during the clerkships are represented in Fig. [5](#Fig5){ref-type="fig"}. It is clear that in both curricula observational tasks are dominant (83% vs. 70%). It is also apparent that "active" tasks, such as to follow radiological examinations (83% vs. 70% respectively) or to work with radiology teaching files (37% vs. 28%), gets more space within a modern curriculum. Also, integrated tasks such as attending radiology conferences (74% vs. 47%) or participating in a multidisciplinary meeting (52% vs. 26%) are more established within a modern curriculum. To work with radiology CDs seems to be more common in a conventional curriculum (23% vs. 15%).Fig. 5The tasks carried out during radiology clerkships

Discussion {#Sec10}
==========

As stated in the introduction session, in the medical literature reviewing the status and innovations of medical curriculum, the main focus is on the curriculum shift from a first generation curriculum (e.g., conventional curriculum) to a second (e.g., problem-based) and a third generation curriculum (e.g., competence-based). In this context recent research points at the importance of radiology within the medical curriculum \[[@CR13]\] and calls for the improvement of radiology education \[[@CR14]\]. The current analysis of the present situation in Europe regarding formal radiology undergraduate teaching shows some clear trends. One of the optimistic findings is that within both conventional and modern medical curricula, radiology courses are mostly present as mandatory courses. The situation in Europe seems to differ from the US and Canada where radiology is rather present as an elective course \[[@CR15], [@CR16]\]. Also, radiology seems to be a consistent part of the medical curriculum in every medical training year. This is an important observation in view of the effect of the exposure on the students\' beliefs about radiology and their future career choice \[[@CR17]\]. From the present study, it becomes clear that one of the advantages of a modern type of curriculum (i.e., problem based, hybrid, integrated, modular) is the fact that students already get their first radiology experience during the first year of medical training. Also the second year and the sixth year of the training seem to be important within modern curricula, while the conventional curriculum rather emphasizes radiology teaching in the third and fourth year of the training. Year 6 radiology exposure might be important to influence decisions of students to adopt radiology as a career choice.

Although the proportion of the curriculum focusing on radiology is comparable in both types of the curriculum, the involvement of radiology-related teaching staff is considerably higher in modern curricula (15 vs. 8 teachers). The fact that within modern curricula more teachers and also other medical specialists participate in the teaching and learning process (i.e., sub-specialized radiologists, clinicians, and radiographers) can be explained by the stronger multidisciplinary teaching focus that stresses the linkages between and integration of medical disciplines \[[@CR18]\]. However, the results reiterate the findings of previous research that radiology is preferably taught by general radiologists \[[@CR12]\] that are considered as successful educators \[[@CR17], [@CR19], [@CR20]\].

The fact that specialized radiologists are involved in teaching is favored in the literature but might also be a point of concern \[[@CR21], [@CR22]\]. Attention should be paid to the adequate level of radiology teaching. There is a risk that specialized radiologists teach at a too high level and prefer to focus on rare diseases and advanced techniques, thus forgetting about first line radiology. In the literature it is stressed that teaching staff needs to adopt a consistent educational approach: compatible teaching methods, clear learning objectives pursued throughout the different curriculum years and taking into account the progressive level in radiology competences of undergraduate students \[[@CR13]\].

Also, the involvement of radiology trainees in radiology teaching is more prominent in modern curricula (50% vs. 28%). It is important to keep in mind that attention should be paid to adequate training to improve teaching skills. Formal instruction, based on effective teaching methods, is critical for resident teachers. Also, effective support and development opportunities should be provided \[[@CR23]--[@CR25]\].

The expanded use of multimedia \[[@CR26]--[@CR28]\] and e-learning (radiology software and Internet usage) \[[@CR27], [@CR29]--[@CR35]\] as part of the didactical approach in radiology teaching can be expected to foster effective learning. Also, from the student perspective, e-learning is a highly appreciated component of an innovative radiology curriculum \[[@CR36]\]. The results of the present study are in line with previous research and show clear differences in the types of e-learning implemented within a conventional and a modern curriculum. Educational radiology software is typically found in modern medical curricula. Teaching based on PACS or web-based PACS is typically found in conventional curricula. However, the use of the Internet is popular within both types of curricula.

Clinical clerkships are reported in the literature as a vital part of a radiology curriculum \[[@CR21], [@CR37]--[@CR39]\]. Previous European research supports this finding \[[@CR12]\]. By considering the limitations of a first benchmarking study, the present study paid special attention to the types and the position of the radiology clerkships (or "practical sessions") within the medical curriculum. Our finding that in more than half of the modern medical curricula a clerkship is a mandatory activity is positive and promising. In this way, modern medical curricula underpin the finding of previous research that considers radiology clerkships to be a critical curriculum component of effective radiology education \[[@CR40]\]. In contrast, institutions adopting a conventional curriculum reported dominantly elective radiology clerkships. This reflects the situation in US medical schools, where radiology clerkships are rather present as an elective and are to a lesser extent a mandatory building block \[[@CR21], [@CR41]\] during the clinical years. Our finding that---in modern European medical curricula---students already have the possibility to be involved in radiology departments during pre-clinical years responds to the conclusions of research that promotes these practice-related activities during the early clinical curriculum phase \[[@CR42]\]. It is clear from our research that observation tasks are present in both types of curricula. But active tasks, such as following radiological examinations, working with radiology files, as well as attending radiology conferences or participation in multidisciplinary meetings, are a more established part in modern curricula. The latter reflects the benefits of modern curricula that focus on the multidisciplinary and integrated nature of the clinical learning context.

Limitations {#Sec11}
-----------

The limitations of this article are related to a number of issues. First, there are limitations as to our distinction between a \"*conventional\"* and \"*\"modern\"* curriculum. Although we build on previous research that states that the conventional curriculum dominates in European medical curricula \[[@CR12]\], we also have to admit that a "conventional" curricula can reflect innovative features. Due to our focus on the characteristics of the "modern" curriculum, the advantages and/or potential strengths of the traditional curriculum approach have been neglected. Also the fact that the content and structure of a curriculum is partly context bound neglects that fact that, in particular settings, a traditional approach might be more relevant and desirable.

The questionnaire was focused and as such limited to the formal nature of radiology teaching. The impact of "informal" teaching activities and, e.g., the "hidden" curriculum could therefore not be captured in this research.

A second limitation is related to the different entry requirements into medical schools. The quality of novices in the curriculum differs widely between countries and within countries, if we observe the implementation of entrance tests, the insistence on minimal grade levels, selection procedures based on interviews, etc. This type of information is still not available in our database and should be incorporated in future versions of the questionnaire. A curriculum type might be more geared to a particular type of novice.

Thirdly, we have acknowledged the possibility of response bias that is typical in survey-based studies that build on questionnaires. Although the distribution of the questionnaire was supervised by ESR and the questionnaire was filled out by radiology teaching staff and chiefs of teaching hospitals (one response per institution), questions can still be raised about the validity/reliability of certain responses. Related to this, we have to stress that the data were not obtained from a stratified sample that considered specific institutional or country characteristics. For instance, the size of the institutions was neglected in the present study. The adoption of a type of radiology curriculum can be influenced by institution size. Though we did not intend to focus on between-country variation or within country variation, the way institutions vary should be considered in future studies that adopt a sampling framework.

Future research should adopt a triangulation approach to corroborate the data gathered via the questionnaire. Qualitative interviews could help to develop a more in-depth picture.

Lastly, the statistical analysis of our research data was restricted to a descriptive exploration of curriculum characteristics. No inferential statistical tests have been carried out to test the significance of group differences due to the structure of the data set, the nature of some of the variables, and the fact that the data were not obtained from a stratified sample. Future research could look at particular patterns, associations, and potentially causal relationships between certain data.

Conclusions {#Sec12}
===========

Building on a distinction between *modern* and *conventional* medical curricula, this study looks at differences in the nature of formal radiology teaching. On the base of survey data from 93 European institutions, it is concluded that the adoption of *modern* curricula affects the way radiology is being taught: (1) there is a larger mixture of mandatory and elective courses in modern curricula; (2) there is an earlier and more continuous exposure to radiology; (3) there is no significance in the number of hours spent in teaching radiology; (4) there is a large usage of educational radiology software in modern curricula. The Internet is popular in both types of curricula; (5) a wider range of staff grades and range of professions is involved in the teaching; (6) we observe more active clerkships that build on integrated tasks.
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Appendix 1. List of countries in the "ESR survey on undergraduate teaching 2010" {#Sec13}
================================================================================

ATAustria (C, M)BEBelgium (C,M)BGBulgaria (C)CHSwitzerland (M)CZCzech Republic (C,M)DEGermany (C,M)EEEstonia (C)ESSpain (C,M)FIFinland (C,M)FRFrance (C,M)GRGreece (C)HRCroatia (C,M)HUHungary (C)IEIreland (M)ITItaly (C,M)LTLithuania (C)LVLatvia (C)MEMontenegro (C)NLThe Netherlands (M)NONorway (C)PLPoland (C,M)PTPortugal (C)RORomania (C)SESweden (M)SISlovenia (C)TRTurkey (M)UKUnited Kingdom (M)

C = Conventional curriculum; M = Modern curriculum
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